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| (57) Abstract 

I reoliJSn 8 ^?^ supervcctor system is disclosed that is capable of expressing more than 7.5 kilobases of heterologous DNA in a 
SS^u^ST vector. The supervector system comprises an adenoviral vector construct and a helper cell. The vector 

SS l^ bt ° a vWon " * c ^ cell. In particular, the helper^ expresses 

from the E2 region of the adenovirus 5 genome and complements deletions in that region in the vector construct. In certain embodiment 

^JZa*£ ZfT of "P to 30 kb of h^rologous DNA directed by an ade^vSlTecto 2* 

disclosed are methods of transferring heterologous DNA into m fl mm fl ii nn cells. wso 
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r>« «gffRTPTIOH 

pi Ar>KwoviF "° pimMyernR SYSTEM 

pn^-^nmrn m> TOE TNVgNTIOK 

1# ffy}* of t^T Invention 

The present invention relates generally to the field 
of viral vectors and the use of such vectors to express 
foreign DNA in mammalian cells. The invention also 
relates to the field of gene therapy and particularly 
gene therapy involving viral vectors to direct genetic 
material to be expressed in particular tissues More 
particularly, it concerns adenovirus and the ability to 
displace a large amount of the adenoviral genome with 
heterologous DNA and to replicate the viral 
a helper cell line and express the foreign DNA in a host 

cell . 

2. p ? « ffftt>tir ^ the Related Art; 

Gene therapy is an area that offers an attractive 
alternative for the treatment of many diseases and 
disorders. In particular, the ability of viruses to 
enter a cell and express its genetic material in the host 
cell raises the possibility of replacing lost or 
defective gene function in vivo. However, for gene 
therapy to succeed, there is a need for new vectors with 
the properties of high therapeutic index, large capacity, 
targeted gene delivery, and tissue-specific gene 
expression. High therapeutic index indicates high 
therapeutic effect with low adverse effect, or in other 
words, a high rate of cure or improvement of the disorder 
with low or no side effects. This is a pharmacological 
concept that applies to all therapeutic agents, including 
gene therapy vectors. However, currently available gene 
transfer vectors are not able to meet the requirement of 
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vectors. current gene transfer 
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gene in the patient's muscles (Blau, 1993; Cox et al., 
1993) . This therapy would require a vector that could 
efficiently deliver the 14 kb cDNA into muscle cells and' 
specifically express the DMD protein in the muscle cells. 
5 Unfortunately, at the time of this disclosure, there is 
no vector system available which is capable of delivering 
more than 7.5 kb of DNA to be expressed* in a specific 
tissue. 

10 Retroviruses were the earliest gene transfer 

vectors. They were first used to insert gene markers and 
for transducing the cDNA of adenosine deaminase (ADA) 
into human lymphocytes (Miller, 1992) . Unfortunately, 
retroviruses have several drawbacks as gene therapy 

15 agents, including genotoxicity caused by integration into 
the host genome, instability, dependence on target cell 
receptors for infection and proliferation only in 
actively dividing cells (Miller and Rosman, 1989; Major, 
1992) . In addition, the maximum gene-carrying capacity 

20 of retroviral vectors is under 10 kb (Morgenstern and 
Land, 1991) . 

Adeno-associated virus (AAV) has recently been 
developed as a gene transfer system. Wild- type AAV has 

25 high infectivity and specificity in integrating into the 
host cell genome (Hermonat and Muzyczka, 1984; Lebkowski 
et al., 1988). However, experimental data has shown that 
recombinant AAV tend to have low titers and lose their 
specificity of integration (Samulski et al., 1989). 

30 Also, the maximum gene-carrying capacity for AAV is under 
5 kb (Walsh et al., 1992) . 

Herpes simplex virus type-l (HSV-1) is attractive as 
a vector for applications directed to the nervous system 
35 because of its neurotropic property (Geller and Pederoff , 
1991; Geller, 1993). The HSV-1 genome has over 70 genes 
located along a 150-kb DNA molecule (Roizman and Sears, 
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delivered by Ad vectors are expressed episomally, and 
therefore, have low genotoxicity to host cells. Ad 
appear to be linked only to relatively mild diseases, 
since there is no known association of human malignancies 
5 with Ad infection. Moreover, no side effects have been 
reported in studies of vaccination with wild-type Ad 
(Couch et al., 1963; Top et al., 1971), demonstrating 
their safety and therapeutic potential as in vivo gene 
transfer vectors. 

10 

Ad vectors have been successfully used in eukaryotic 
gene expression (Levrero et al., 1991; Gomez-Foix et al., 
1992) and vaccine development (Grunhaus and Horwitz, 
1992; Graham and Prevec, 1992). Recently, animal studies 
15 demonstrated that recombinant Ad could be used for gene 
therapy (Stratford-Perricaudet and Perricaudet, 1991; 
Stratford- Perricaudet et al., 1990; Rich et al., 1993). 
Successful experiments in administering recombinant Ad to 
different tissues include trachea instillation (Rosenfeld 
20 et al., 1991; Rosenfeld et al., 1992), muscle injection 
(Ragot et al., 1993), peripheral intravenous injection 
(Herz and Gerard, 1993), and stereotactic inoculation 
into the brain (Le Gal La Salle et al., 1993) . 



25 Generation and propagation of the current Ad vectors 

depend on a unique helper cell line, 293, which was 
transformed from human embryonic kidney cells by AD5 DNA 
fragments and const i tut ively expresses El proteins 
- {Graham, et al., 1977) . Since the E3 region is 

30 dispensable from the Ad genome (Jones and Shenk, 1978) , 

the current Ad vectors, with the help of 293 cells, carry 
foreign DNA in either the El, the E3 or both regions 
(Graham and Prevec, 1991) . In nature, Ad can package 
approximately 105% of the wild-type genome (Ghosh- 

35 Choudhury, et al., 1987), providing capacity for about 2 
extra kb of DNA. Combined with the approximately 5.5 kb 
of DNA that is replaceable in the El and E3 regions, the 
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maximum capacity of the current Ad vector is under 7.5 
kb, or about IS* of the total length of the vector! More 
than 80* of the Ad viral genome remains in the vector 
ba ckbo „ e and i. the source of vector-borne cytotoxicity. 
Also, the replication deficiency of the El deleted virus 
« incomplete. For example, leakage of viral gene 
expression has been observed with the currently available 
^vectors at high multiplicities of infection (Mulligan, 

10 
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system will have utility in a wide variety of in vivo and 
in vitro applications such a gene therapy protocols, the 
production of useful protein products in mammalian cell 
culture, as gene transfer markers or for the diagnosis of 
5 genetic deficiencies in particular cell lines. 

pTTMMARY OP THE IN VENTION 

The present invention seeks to overcome these and 
10 other drawbacks inherent in the prior art by providing an 
adenoviral "supervector" system wherein the E2 and, 
optionally, other Ad "early" gene regions have been 
removed. These "supervectors" have an extremely large 
capacity for carrying recombinant genetic material, due 
15 to the removal from them of all or part of the E2 region, 
which is approximately 16 kb in size, or optionally, the 
further removal of other early gene regions. A key 
aspect of the invention is the disclosure of technology 
for the development of helper cell lines in which these 
20 additional regions of the Ad genome are stably introduced 
into 293 cells or other recipient cells to establish new 
Ad helper cell lines. By supporting displacement of more 
than 80* of the remaining viral genome, cell lines such 
as these make possible an E2 supervector. The 
25 improvements of the E2 supervector over current Ad vector 
systems include the incorporation of up to 80% of the 
viral genome into the helper cell, a gene-delivery 
capacity of 30 kb, little possibility of wild type 
recombination and minimized vector-borne cytotoxicity. 

30 

The surprising discovery made by the present 
inventors that the adenoviral E2 regions could be 
expressed in a helper cell and would be able to 
. complement adenoviral vectors with .the corresponding 
35 regions deleted led to this invention. Before the 

present invention, complementation of the E2 regions of 
the adenoviral genome was not thought to be possible 
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available to direct the complete viral life cycle of the 
vector. 

The helper cell of the invention is derived from a 
5 mammalian cell and preferably from a human embryonic 

kidney cell. Preferably, the helper cell may be derived 
from 293 cells and the most preferred helper cell is the 
Ad5E2 cell. Although the present specification 
illustrates a particularly preferred helper cell, it is 

10 understood that an equivalent helper cell could be 
produced by one of skill in the art in light of the 
present invention. Any such helper cell which expresses 
the adenoviral genes necessary to complement in trans, 
deletions in the E2 region of the adenoviral genome, or 

15 which supports replication of an adenoviral vector 

comprising more than about 7.5 kb of heterologous DNA 
would also fall within the spirit and scope of the 
present claimed invention. For example, although primate 
cells are preferred and human or even human embryonic 

20 kidney cells are most preferred, any type of cell that is 
capable of supporting replication of the virus would be 
acceptable in the practice of the invention. Other cell 
types might include, but are not limited to Vero cells, 
CHO cells or any eukaryotic cells for which tissue 

25 culture techniques are established as long as the cells 
are adenovirus permissive. By adenovirus permissive is 
meant that the adenovirus is able to use the cellular 
environment to complete the entire intracellular virus 
life cycle. 

30 

As used herein, the term "recombinant" cell is 
intended to refer to a cell into which a recombinant 
gene, such as a gene from the adenoviral genome has been 
introduced. Therefore, recombinant cells are 
35 distinguishable from naturally occurring cells which do 

not contain a recombinantly introduced gene. Recombinant 
cells are thus cells having a gene or genes introduced 
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through the hand of man. Within the present disclosure, 
the recombinant^ introduced genes are from the E2 region 
of the adenovirus genome and are contained in a vector 
^ such as an Epstein-Barr virus-based vector, for example. 

Another embodiment of the present invention is an 
adenovirus vector construct comprising more than 7.5 kb 
of heterologous DNA and wherein all or part of the E2 
regions have been deleted and heterologous DNA inserted 
xn their place, and wherein the vector construct 
replicates in a helper cell. The examples of preferred 
embodiments provided herein make use of the adenovirus 5 
serotype genome, however it is understood that other 
serotypes such as the adenovirus type 2 genome for 
example, or other serotypes would also function in the 
practice of the invention. Prior to the present 

tTvecT' lar96St inS6rt that C ° Uld be ^ 
the vector was 8 .5 kb, inserted in place of the El and E3 

IZ7\ Udin9 addUW 2 »> that th. virus 

can package Because of the present invention, up to 30 
» of heterologous DNA can be contained in the vector. 
The present invention makes possible for example, 
deletion of the El, E2 , E3 and E4 regions or 
combination of these and replacement of the deleted 
regions with heterologous DNA. 

It is understood that the adenovirus vector 
construct may therefore, comprise at least 10 kb or at 

stm llTi °l 6Ven ab ° Ut 30 * ° f het ~*<*ous DNA and . 
still replicate in a helper cell. B y replicate in a- 
helper cell, is meant that the vector encodes all the 
necessary cis elements for replication of the vector DNA 
expression of the viral coat structural proteins, 

cell lysis, and further that the trans elements are 
provided by the helper cell DNA. Replication is 
determined by contacting a layer of uninfected cells with 
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virus particles and incubating said cells. The formation 
of viral plagues, or cell free areas in the cell layers 
is indicative of viral replication. These techniques are 
well known and routinely practiced in the art. It is 
5 understood that the adenoviral DNA that stably resides in 
the helper cell may comprise a viral vector such as an 
Epstein-Barr virus vector, or it may comprise a plasmid 
or any other form of episomal DNA that is stable, non- 
cytotoxic and replicates in the helper cell. 



10 



The adenovirus vector construct of the present 
invention will have a deletion of the adenoviral genome 
which is replaced with heterologous DNA. For example, 
the adenovirus vector construct of the present invention 
15 will have all or part of the E2 region deleted, or even 
deletions of the El, E2, E3 and E4 regions of the genome 
or any combination of these and heterologous DNA will be 
inserted into the regions of the deletions. Any 
adenovirus vector of the present invention may also 
20 comprise 2 kb of additional DNA which is packageable in 
the virion capsid. Therefore, the virus vector will 
comprise no more than about 36 kb in order to be packaged 
in the virion, but the vector may comprise less than 36 
kb or even less than 35 kb. In fact, no lower limit on 
25 the size of the vector has been established, except that 
it will contain all the cis acting elements necessary for 
replication. 

By heterologous DNA is meant DNA derived from a 
30 source other than the adenovirus genome which provides 
the backbone for the vector. This heterologous DNA may 
be derived from a prbkaryotic or a eukaryotic source such 
as a bacterium, a virus, a yeast, a plant or even an 
animal. The heterologous DNA may also be derived from 
35 more than one source. For instance, a promoter may be 

derived from a virus and may control the expression of a 
structural gene from a different source such as a mammal. 
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Preferred promoters include viral promoters such as the 
SV40 late promoter from simian virus 40, the Baculovirus 
polyhedron enhancer/promoter element, Herpes Simplex 
Virus thymidine kinase (HSV tk) , the immediate early 
promoter from cytomegalovirus (CMV) and various 
retroviral promoters including LTR elements. 

The promoters and enhancers that comprise the 
heterologous DNA will be those that control the 
transcription of protein encoding genes in mammalian 
cells may be composed of multiple genetic elements. The 
term promoter, as used herein refers to a group of 
transcriptional control modules that are clustered around 
the initiation site for RNA polymerase II. Promoters are 
believed to be composed of discrete functional modules, 
each comprising approximately 7-20 bp of DNA, and 
containing one or more recognition sites for 
transcriptional activator proteins. At least one module 
in each promoter functions to position the start site for 
RNA synthesis. The best known example of this is the 
TATA box, but in some promoters lacking a TATA box, such 
as the promoter for the mammalian terminal 
deoxynucleotidyl transferase gene and the promoter for 
the SV 40 late genes, a discrete element overlying the 
start site itself helps to fix the place of initiation. 

Additional promoter elements regulate the frequency 
of transcriptional initiation. Typically, these are 
■ located in the region 30-110 bp upstream of the start 
site, although a number of promoters have recently been 
shown to contain functional elements downstream of the 
start site as well. The spacing between elements is 
flexible, .so that promoter function is preserved when 
elements are inverted or moved relative to one another. 
Depending on the promoter, it appears that individual 
elements can function either cooperatively or 
independently to activate transcription. 
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The heterologous DNA of the present invention may 
also comprise an enhancer. The basic distinction between 
enhancers and promoters is operational. An enhancer 
region as a whole must be able to stimulate transcription 
5 at a distance; this need not be true of a promoter region 
or its component elements. On the other hand, a promoter 
must have one or more elements that direct initiation of 
RNA synthesis at a particular site and in a particular 
orientation, whereas enhancers lack these specificities. 

10 Aside from this operational distinction, enhancers and 
promoters are very similar entities. They have the same 
general function of activating transcription in the cell. 
They are often overlapping and contiguous, often seeming 
to have a very similar modular organization. Taken 

15 together, these considerations suggest that enhancers and 
promoters are homologous entities and that the 
transcriptional activator proteins bound to these 
sequences may interact with the cellular transcriptional 
machinery in fundamentally the same way. It is 

20 understood that any such promoter or promoter /enhancer 
combination may be included in the heterologous DNA of 
the adenoviral vector to control expression of the 
heterologous gene regions. 

25 The heterologous DNA may include more than one 

structural gene under the control of the same or 
different promoters. The heterologous DNA may also 
include ribosome binding sites and polyadenylation sites 
or any necessary elements for the expression of the DNA 

30 in a eukaryotic or a mammalian cell. These vector 
constructs are created by methods well known and 
• routinely practiced in the art such as restriction enzyme 
digestion followed by DNA ligase directed splicing of the 
various genetic elements. The heterologous DNA may 

35 further comprise an inducible promoter. An inducible 

promoter is a promoter which is inactive or exhibits low 
activity except in the presence of an inducer substance. 
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Some examples of inducible promoters that may possibly be 
included as a part of the present invention include, but 
are. not limited to, MT II, MMTV (mouse mammary tumor 
virus), Collagenase, Stromelysin, SV40, Murine MX Gene, 
«-2-Macroglobulin, MHC Class I Gene H-2kb, HSP70 
Proliferin, Tumor Necrosis Factor or Thyroid Stimulating 
Hormone or Gene. However, it is understood that any - 
inducible promoter may be used in the practice of the 
invention and all such promoters/enhancers would fall 
within the spirit and scope of the claimed invention. 

Another type of promoter that may comprise a portion 
of the heterologous DNA is a tissue specific promoter. A 
tissue specific promoter is a promoter that is active 
preferentially in a cell of a particular tissue type, 
such as in the liver, the muscle, endothelia and the 
like Some examples of tissue specific promoters that 
may be used in the practice of the invention include the 
P romot « to be expressed in the liver or the 

Z c f lT in Pr0m0ter t0 be eXPre88ed in the lun *' the 
muscle creatine kinase enhancer combined with the human 
cyto mega i irus ilraned . ate early promoter 

preferred for expression in muscle tissue, for example. 

25 Another embodiment of the invention is a virion 

particle containing the packaged adenovirus vector 
construct. The virion particle is capable of and may be 
employed to infect cells as a means of introducing the 
vector DNA into cells wherein the heterologous DNA is 
30 expressed. - The virion capsid may be identical in 

structure to the "wild type- adenovirus 5 capsid or it 
may be altered. Such alterations may include the 
incorporation of cell targeting agents such as antibodies 
or cell receptor recognition peptides to target the 
35 virions to particular cells. 
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The targeting mechanism may include the insertion in 
the viral capsid proteins in either the Ad helper cell or 
in the vector that express, e.g. a binding site peptide 
sequence or a ligand peptide that would serve to target 
5 the virion to a particular type of cell, or only to cells 
• expressing certain surface proteins . One particularly 
useful example would be the expression of the Pc binding 
region from protein A on the surface of the viral capsid. 
These altered viruses could then be treated with an 

10 antibody specific for a certain cell or tissue type. The 
virus capsid would bind to the antibodies and would then 
be directed to the cell recognized by the antibodies. 
Another example is the expression of a ligand binding 
site on the surface of the virus. In this example, the 

15 virus would bind to the ligand on the targeted cell or 
tissue surface. Another example of targeting would be 
the expression of an epitope on the virus capsid. In 
this technique, the virus particles would be treated with 
monoclonal antibodies to the epitope conjugated with a 

20 cell or tissue targeting ligand to direct the virus to 
the target cell or tissue. It is also understood that 
the virus may be directly applied to a target area. A 
preparation containing the virus particles could be 
injected into a local area, such as an organ or into a 

25 tumor. . 

The invention may also be described as an adenovirus 
vector construct comprising at least about 200 base pairs 
of the left ITR region of the adenovirus genome, more 

30 than 7.5 kilobases or about 10 kilobases or about 20 

kilobases or even about 30 kilobases of heterologous. DNA 
and at least about 200 base pairs of the right ITR region 
of the adenovirus genome. As used herein, the adenovirus 
genome is the adenovirus type 5 genome as described in 

35 FIG. 1, or even the adenovirus type 2 genome* In its 

most preferred embodiment, the left and right ITR regions 
will flank the heterologous DNA and contains said 
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heterologous DNA between them. However, any arrangement 
of the viral and heterologous DNA that is able to 
replicate in the helper cell is acceptable and is 
included as a part of the present invention. 

In certain embodiments, the present invention is a 
method of expressing a foreign gene in a mammalian cell 
Thxs method would comprise the steps of obtaining an 
adenoviral vector construct comprising more than 7 5 kb 
of heterologous DNA, replicating the adenoviral vector 
construct in a helper cell, obtaining virion particles 
produced by the helper cells and infecting mammalian 
cells with the virion particles. 

The foreign gene to be expressed as described in the 
preceding paragraph may of any origin, for example, a 
bacterium, a yeast, a plant, an animal or even a human 
gene. Preferably the adenovirus vector construct 
contains a deletion in the E2 region of the genome and 
the foreign gene is inserted in its place, m the 
preferred method, the helper cell would express the 
adenovirus E2 region DNA, thereby supporting replication 
of the vector, m the most preferred embodiment the 
helper cell is an Ad5E2 cell. 

The virion plagues that would be produced by the 
replicating viral vector and would thus lyse the host 
cell can be obtained by any acceptable means. Suc h means 
would include filtration, centrifugation or preferab" 
Physical touching of viral plagues. All such methods of 
obtaxnxng vxrion particles and infecting mammalian cells 
wxth the particles are well known to those of skill" in 
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BRTEF DESCTTPTION O y DRAWINGS 

The following drawings form part of the present 
specification and are included to further demonstrate 
5 certain aspects of the present invention. The invention 
may be better understood by reference to one or more of 
these drawings in combination with the detailed 
description of specific embodiments presented herein. 

10 FIG. 1. This FIG. depicts the structure of the Ad5 

genome. The genome is divided into 100 map units (mu) . 
The open arrows represent early (E) transcription and the 
solid arrows represent late (L) transcription. The 
direction of transcription is indicated by arrows. Gaps 

15 in arrows indicate intervening sequences. The hatched 
box represents location of major late promoter and 
tripartite leader sequences (MLP/TL) . The numbers in 
parenthesis indicate the map units. 

20 FIG. 2. This FIG. is a flow diagram of the generation of 
the Adhl vectors. The 59.5-100 mu fragment was isolated 
from the plasmid pFGdxl (Ha j -Ahmad and Graham, 1986) and 
inserted into the pCEP4 vector, resulting in Adhl.l or 
Adhl. 2. 

25 

FIG. 3. This FIG. shows the morphology of pAdh- 
transfected Vero cells and the result of HSdllOll 
infection. These are phase- contrast images of the Vero 
transfectants (100x> . Top row, left to right are vector 

30 transfected Vero cells (Vc) ; pAdhl.2 trans fee ted Vero 

cells (VI. 2); and pAdhl.l transfected Vero cells (VI. 1) . 
Bottom row left to right are Vc cells infected with 
HSdllOll; VI. 2 cells infected with HSdllOll; and VI. 1 
cells infected with HSdllOll. The HSdllOll viruses were 

35 used at 5 PFU/cell. Cytopathic effect of Ad is obvious 
in HSdllOll infected VI. 1 cells at 48 hours after 
infection. ■ - •. • 
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FIG 4A. FIG. 4A and PIS. 4B show the electrophoretic 
analyse of HSdllOU DNA replication and capsid protein 
accumulation in P Adh clones. This FIG. is L 
autoradiogram of agarose gel electrophoresis of the low 

zitz: 9htom isoiated fr °- the "» - ir* 

cells that were xnfected with HSdllOU at S PFO/cell for 
24 hours and then radiolabeled with 3 V for 24 ^ '~ 
-sources and treats are indicated at the top^f 

0 

TO. 48. This no. is m sos.p^ 

protein samples of ,, , ' " 

« 5 Wl/cell for asT ln£eCted " Uh HS ' U1 ° 11 

." S) -Me t Mo IT. r 6 ^urT "* 

indicated fUmU.. ""W »« the 

the M^r^ctor.' ^ * £l °'" °* *»«*»«<» of 

™'« ^ J::, 1 ' ' °" ° f «» oration of ' 

p IG- 9. This FIG. is a fi™, 

an El and E3 dele " ' * diagram of the generation of 
deletion adenoviral plasmid vector. 
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FIG. 10. This FIG. is a flow diagram of the generation 
of a muscle-specific adenoviral plasmid vector. 

FIG. 11A. This FIG. is a drawing of the pAd5E2 vector 
showing the location of the PCR priming sites used in 
characterizing the vector and cell lines. 

FIG. 11B. This FIG. defines the PCR primers used in 
characterizing the vector and cell lines. The sequences 
in this FIG. are designated in order from top to bottom 
as SEQ ID NOS:l-4. 



FIG. 11C. This FIG. is an agarose gel showing the 
results of the PCR amplification of the Ad5E2 cells and 
15 vectors. 

FIG. 11D. This FIG. is a Southern blot analysis of the 
agarose gel from FIG. 11C with the 32 P labeled pAd5E2 
probe . 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The design and development of the Ad supervector 
system is an unexpected breakthrough in the development 

25 of vectors for gene transfer. The new system will not 

only substantially increase the gene-delivery capacity of 
Ad vectors, but will also greatly improve their 
therapeutic potential, since the replacement of most of 
the viral genome eliminates the vector-borne cytotoxicity 

30 and the possibility of wild- type recombination that are 
associated with the current Ad vector systems. Because 
the design of the helper cell line and supervector is 
focused on meeting the current and future demands for 
gene delivery, the system will have a wide range of 

35 applications in the fields of gene therapy and gene 
transfer, - J 
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cell, in viL ITnc. th "^""= «— ' I.' target 
!m „ „ m : Slnce "° o«rently available delivery 
system can accomplish this (WjUi v *f 

demand £or , _ system ^1 " ' 

r ^rrr lj- — ■ - ----- 

A simplified ml of th /° n0me ° £ ■" ral «'1y » 

ends of tne vLa^ 7^ " dia3ra - ed ta " S - >• Both 

tne viral genome contain 100-200 base oaf, /.. , 

Averted terminal repeats (ITR) -hi v °*' 
necessary for vi,„, n„, ' taCh " e cl * 

=s r.rrrj^.r- r « . 
•cr^.^^nrs.- ■« - - « 

the majority of th. f- T Ute 96nee ' Eluding 

only arte" Bi l ifica i: ^ Pr ° teinS ' «" 

MLP (located at l 6 , l u T (MLP) " The 

the late pLe of n^ 1 ^ Sf£iCient 

issued from thi / P ^:/; f ; s c - ?™ «- ^ 

CTL) sequence which make, ,T tripartite leader 

translation. them Prefe "^ «- for 
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It is known that a part of the adenoviral genome can 
be replaced by foreign DNA and the virus can still 
replicate in helper cells that supply the proteins 
encoded by the displaced viral genome in trans. The 
5 currently available Ad vectors carry foreign DNA in 
either early region 1 (El) or 3 (E3) or both, and are 
replicated primarily in the 293 ceil line, a transformed 
human embryonic kidney cell line that constitutively 
expresses El proteins (Graham et al., 1977; Graham and 

10 Prevec, 1991). However, the recombinant DNA capacities 
of the vectors generated in this system are limited to 
7.5 kb. In addition, a helper cell line designated as 
W162 (derived from Vero cells) , carries an intact 
adenovirus E4 region and is able to support the 

15 replication of adenovirus with deletions in the E4 
region. However, the W162 cell line will support 
deletions of only on the order of 1-3 kb. Moreover, both 
these systems are subject to vector-borne cytotoxicity 
and the possibility of wild- type recombination, since 

20 most (more than 80%) of the wild- type viral genome 
remains in the vectors. 

In order to improve the current Ad vector systems, 
an Ad supervector system was designed. This system 

25 comprises novel Ad vectors and their helper cell lines 
that can generate greatly improved recombinant viruses 
with properties such as greater gene-delivery capacity, 
higher therapeutic potential, targeted gene delivery, and 
when appropriately modified, tissue- specif ic gene 

30 expression. The Ad supervector system is designed so 
that up to 35 kb of the Ad viral genome between the 
* inverted terminal repeats (ITR) can be replaced by 

foreign DNA. Removing large segments of the viral genome 
affords the added advantage of greatly improving the 

35 therapeutic potential of the current Ad vector systems, 
since the lack of viral DNA in the vector eliminates the 
vector-borne cytotoxicity and the possibility of wild- 
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type recombination that are associated with the current 
Ad vector systems. 

This large displacement of DNA is possible because 
the cis elements required for viral DNA replication and 
packaging are all found by the inventors to be localized 
in the inverted terminal repeats (100-200 bp) at either 
end of the linear viral genome. For example, the origins 
of repletion for Ad DNA are localized in the ITR of the 
vxral genome, and replication is uniquely primed by the 
covalently bound terminal protein at each 5' end This 
suggests asymmetric replication of a unit-length linear 
molecule and that linear unit-length molecules are the 
likely substrate for viral packaging, m addition, the 
packagxng sxgnal for viral encapsidation is localized 
between 1,4-385 bp (o.s-l.i- «.«., at the left end of the 

Z J 0 T° me <Hearing " " 87) • This "i-ics 

a sicL n reC09niti ° n 8ite in bacteriophage X DNA where 

cow T*™* Cl ° Se t0 thS l6ft end but -tside the 
cohesxve end sequence mediates the binding to proteins 
that are reguxred for insertion of the DNA into the head 
structure. El substitution vectors of Ad have 
demonstrated that a 450 bp (0-1.25 u, fragment at the 
left end of the viral genome was enough to direct 
packaging in 293 cells (Levrero etal.. 1991) . 

The first step in the generation of the supervector 

ZTZ h Pr ° dUCtion ° f new *» helper cell lines. 
- The Ad helper cell line is the stably tranefected or 

I'mxiT CSl1 ^ ""^ Gained 

genomxc fragments of Ad. These cell lines can express 
dxfferent sets of Ad proteins and can be used tolerate 
and propagate different recombinant Ad vectors. " 
the present invention, such helper cells were able to 
suppo rt viral vectors containing deletions in the El, E3 

L I"' 10 "' H ° WeVer ' ^ t0 the 9enetic complexity 
and sheer sxze of the E2 region, it was believed Lt E2 
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region functions could not be successfully complemented 
by a helper cell host producer of those functions. The 
production of the helper cells of the present invention, 
e.g. Ad5E2, has now made it possible to support 
5 adenoviral vectors with up to 30 kb of genomic DNA 
deletions. 

Preferred helper cell lines are derived from human 
cells such as human embryonic kidney cells, muscle cells, 

10 hematopoietic cells or other human embryonic mesenchymal 
or epithelial cells. Alternatively, the helper cells may 
be derived from the cells of other mammalian species that 
are permissive for human adenovirus. Such cells include 
e.g. Vero cells or other monkey embryonic mesenchymal or 

15 epithelial cells. 

The second step in the supervector system is the 
construction of adenoviral "supervectors. ■ The vectors 
are generated by displacing the DNA which is expressed in 
the helper cells with foreign DNA. Prior to the present 
invention, the largest possible displacement was 
approximately 7 kb, but the supervector system allows the 
displacement of up to 35 kb of DNA from the adenoviral 
genome . 
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The Ad supervectors are circular or linear DNA 
molecules that comprise essential cis elements for Ad DNA 
replication and packaging (such as ITR and the packaging 
signal) and heterologous DNA. The heterologous DNA may 
be, but is not limited to polypeptide encoding regions 
and their control elements for expression and regulation 
in mammalian cells, which may include, but are not 
limited to various promoters /enhancers, including tissue- 
specific promoters or enhancers, polyadenylation signals, 
35 splicing signals, 5' or 3' translational regulatory 

elements, elements for stable transfection and selection, 
and the like. The heterologous DNA fragments may be from 
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»• different sources, in different lengths, and arranged in 
different combinations depending on the application Jhe 

™°t r : e also r prise the — 

5 after t T ******* recombinant Ad viruses 

after transf ection into the Ad helper cells. 

sv^™* th± J d StSP inthe of the supervector 

system as the production of recombinant Ad viruses 

10 tra U ns e ^^ rUSeS, • ^ « * general by 

10 transfectxon of the supervector into the helper cellline 
and propagation of the virus. These viruses are 
ca^W " r StrUCtUra11 ^ viruses that 

replxcation-defective and helper-virus- dependent The 
viruses produced fmn, ^ enc " Tne 

have litti !T 8VStera are c °ntemplated to 

Ad vector genes Th* „x fc expression of 

25 advantages of this supervirus 

25 system are tabulated in Table i Pervirus 
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™Tj°£z.zr::r ***** to 

MprMMt CtolrnM discovared L tj , °" 
function well <„ th . „ °^ the inventor to 

- I- consist " " f 1 " VeM1 °- - «- 

changes can be ffi ^ fl ^ w«ciate that many 

d is=lo Sed LTsTl oota emb0dimentS *^ « 

invention. Plrit ^ 8co P e of the 
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Example 1 

"asaid pCEP4 vector Transfected Cells 



20 ^'^irr^'irtr---- 

2° requirements such as hi oh eCcertain technical 

copv ^ Md xonV^rsior? capacity ' hi * h 

" M ^tein-Barr v irus -base7eul™ ot ^ 
vector, PCEP4 dnvitrogen Corn ^ ex P"s*i°n 
vector has the Epstein Barr7 " ^ ^ " ™ S 
- 1) ana ori g in of rJT e ^^^ 

oopy episomal replication - „ exhibits high- 

recombinant protlLs in a * Pr ° dUC6S ^ ° f 

• et a!., ^* *- - — • Uan cells 

also comprises the hvJ ' mS V6Ctor 

30 selection and sT^ZZT — te C ^ 

able maintenance of the vector in cells. 

«~ ^^1^^^- ."deleted, 
genome was isolated froT^ ^ 16910,18 ° f the M5 

Graham at McMaster ^^S , °I^ ld - * 

Cy ' Ham ilton, Ontario, 



5 WO 95/27071 



PCT/US95/04138 



- 27 - 

Canada. This fragment was inserted at the BamHI cloning 
site of pCEP4, producing the pAdhl.l and pAdhl.2 vectors 
which differ by opposite orientations of the respective 
fragments to the CMV promoter in pCEP4 (FIG. 2) . The 
5 expression vectors were transfected into Vero cells by 
liposome-mediated transfection with DOTAP (Boehringer- 
Mannheim Corp., Indianapolis, IN) (Zhang, etal., 1993). 
Vero is an African green monkey kidney cell line. Vero 
cells were the preferred cell line for the expression of 

10 the pAdh vectors because this cell line was previously 
used to create the Ad E4 complementing cell line (W162) 
by stable transfection with the Ad5 84-100 mu fragment 
(Weinberg and Ketner, 1983). Transfection of the cells 
with the original pCEP4 vector was used as a control. 

15 After transfection and growth in the presence of 
hygromycin B, the antibiotic -resistant clones were 
selected. 



20 



Example 2 
Complementation of the E4 Gene 



The pAdhl vectors described in Example I contain the 
entire E4 and L5 regions from an Ad5 genomic fragment and 
are expected to complement Ad mutants with deletions or 

25 mutations in those regions of the genome. Functional 

assays were designed to examine whether the cells could 
support the propagation of the Ad5 E4 deletion mutant, 
HSdllOll (Bridge, et al., 1993), kindly provided by Dr. 
Gary Ketner at Johns Hopkins University, Baltimore, MD. 

30 The selected clones were treated with the H5dll011 virus 
at a multiplicity of- infection (moi) of 5. The - - 
cytopathic effect of Ad was used as an indicator for the 
propagation of the virus in the clones. It was shown 
that the clones of the Vero cells that contained the 

35 pAdhl.l vector (referred to as VI. 1 cells) were capable 
of supporting the propagation of HSdllOll. The clones of 
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the Vero cells that contained the pAdhX.2 vector 
(referred to as vi.2 cells) could not support the 
propagation of HSdlloil, nor could the Vero cells that 
contained pCEP4 vector / * 

I pig , u ° ne (refe »ed to as vc cells) 

Vero iT" 6 m0rph0l °^ ° f the pAdh-clones of the 
Vero cells and that of the cells infected with HBdlaoxx 
FIG 4 demonstrates the detection of the viral DNA 
replication and viral caosid n™*-- 

cells a fr*r • * • P«>tein accumulation in VI. i 

cells after infection with the HSdlloil virus. 

pAdhlT vlT ° f C ° mplementati - of HSdlloil by the 

He pi" C ° nte ^ lated ^ be due to the location 

lack of n UPStream ° f thS E4 P rora °ter. The 

lack of complementation may be caused by promoter 

P-» t «r. co^!.^^ „ 5<ui011 . muc „ the E4 

sntt 1,162 - - — »«>■ 

Prolt " Cert3in emb0di - n t S , such as when the Ad 

o^the genes are r l gen r * ^ indUCible "«l«-io- 

interactxL of L I" ^ «» 

"on of the two promoters must be considered. 

Example 3 

Construction of the ^ 5B2 Expression Vector 
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The first step in the construction- of the AdSE2 
vector was the preparation of the Ad5 E2 fragment £2- 
79 4 mu) . The 9.2-76.0 mu fragment isolated from AdSCMV- 
p53 DNA was first subcloned into the pBluescnpt 
(Stratagene Corp., San Diego, CA) derived plasmid 
designated pWZ-5 (FIG. 5). The 76.0-79.4 mu fragment was 
isolated from the plasmid pFGdxl (Ha j -Ahmad and Graham, 
IMS) and inserted into the pWZ-5 plasmid that already 
contained the 9.2-76.0 mu fragment. The resulting 
construction was designated pWZ-6 by the inventors and 
comprised the 9.2-79.4 mu E2 fragment in a pBluescript 
backbone (FIG. 5) . 
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The second step was the preparation of the modified 
pCEP4 vector, pEBV. The pCEP4 vector (Invitrogen Corp.). 
contains the genetic ''cassette- which has the CMV 
promoter sequence and the SV40 polyadenylation signal in 
a form convenient for the expression of inserted genes. 
For the construction of the Ad5E2 expression vector, the 
CMV promoter and the SV40 polyadenylation signal were 
deleted from P CEP4, resulting in the vector designated 
pEBV (FIG. 5) . The pEBV vector retained the hygromycin- 
resistant gene for clonal selection and the Epstein-Barr 
viral origin of replication (OriP) and nuclear antigen 
(EBHA-1) for high-copy episomal replication. 

The final step in the construction of the Ad5E2 
expression vector was the isolation of the E2 fragment 
from pWZ-6 and insertion of that fragment into the pEBV 
vector (FIG. 5). The resultant vector. P Ad5E2, contains 
intact transcriptional units for the E2A. E2B, and L1-L4 
regions of the Ad5 genome. The length of the E2 fragment 
is defined by the map units 9.2 and 79.4, which are the 
break points for foreign DNA insertions into the 
currently used El or E3 substitution Ad vectors (Graham 
and Prevec, 1992) . This indicates that the E2 fragment 
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lTflt heSe P ° intS ^ ^ 3 Partial Ad 9— and 
nay funct lon as an independent genomic unit. 

The agarose gel in FIG. 5 shows the results of th. 
re" ° £ ^ VarW P — -th the a d 

1 prenar d enZyme8 ' PAd5E2 -"or DNA 

CsClW V D 3 lar9e 8Cale CUltUre Md ^ 
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Example 4 
Production of the Ad5E2 Cell t iae 

1 29 3 ceUs'ri 2 eXPr6SSi0n V6Ct0r ~ ^-^ected into 
ac « Z t T SOm % (D ° TAP, - mediat ^ transfection 

Mannheim S^L^TST!" T (B ° ehrin9er 
<2hang, et aJ * , ' ™ } . bribed previously 

efficiency 29 ' 3 cel T ' T ° M ** W> ^ transfection 

9 rowth phte The eLr" t0 ^^-ntial 

into mu l tip r e 24 111 \ WSre harV6 % ted Md Elated 

- «..r« Ciei r :::: of "~ per 6 

Plate reared 24 mi of the J^C^ST " 
cells treated with DOTAP with no vectors were used a 
control for hygromycin B selection. " * 

Twenty-four hours after tr a n«f« ^ ■ 
selected with 100 ,g /ra i oTl^ZlZlli ^T" ~ 
supplanted with 10 * horse sLn, ^ 9 
hygron,ycin B was gradually iJT „ concentration of 
weeks. The antibL Creased to 200 „g /Bl over 2 

ne ^""-otic-resistant cell ri„„. 
transferred to 60 mm # n clones were 

60-mm, foi lowed by 
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After this amplification, aliquots of the cells from each 
clone were frozen in 90% horse serum with 10% DMSO and • 
stored in liquid nitrogen. The rest of the cells were 
maintained in the medium with 200 /ig/ml hygromycin B for 
further study. FIG. 6 is magnified images of the Ad5E2 
cell clones, the parental 293 cells and "vector only" 
control cells. 

Example 5 
Functional Analysis of Ad5E2 Cells 



This example describes studies that demonstrate the 
efficiency of the Ad5E2 cells in complementing E2 
deletions or substitutions. For the purposes of the 
15 studies, an E2B substitution mutant was constructed and 
designated Ad5 E2B. This E2 mutant was derived from the 
pJM17 plasmid (McGrory, et al., 1988), a circularized 
form of the Ad5 genome with an insertion of the pBR322 
plasmid at 3.7 mu. This circularized Ad genome was 
created by the connection of its ITR regions (0/100 mu 
fusion) and has been demonstrated to be functional 
(Graham, 1984) . A 7-kb Ad5 genomic fragment between the 
Sail sites at 25.9 and 45.9 mu was deleted from pJM17 by 
digestion with Sail, ligation of the isolated large 
25 fragment, and subcloning (FIG. 7). This deletion 

included the E2B, LI, and L2 genes from the Ad5 genomic 
sequence. A 7.1-kb plasmid, pAdtf (CLONTECH) , which 
contains the E. coli 0-galactosidase gene under the 
control of the Ad2 major late promoter (MLP) was added 
into the deletion site. The 0-galactosidase gene was 
then used as a reporter gene to monitor the transfection 
efficiency of the Ad5 E2B substitution vector into Ad5E2 
cells. 



35 



The plasmid pWZ-3 was previously constructed by 
digesting pJM17 with EcoRI, isolating the larger 
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fragment, and inserting the 3 7 7* 

genome (piq. 7 , Th(1 * .V 76 mU fra 9™ent of the AdS 

from pWZ-3 b/deletL/ rf PW23diE2B * ^ 
•it« at 25 9 and 4 ! ^ betW6en the Sa " 

-sed With pW2 ^ ' fc - ^ - is then 

which produces the 28 2 2 1 T ^ ^ Sit68 ' 
^Wly, the m fusi0 n fj 1 *™* de <^ a ted pW 2 3dl E2B/} . 
i-ated from P J?Z ~ » - 

pwz3di E2B ,, producing PAd5 ^ 2 c B e ; the *«« 

crjLsrj^: r sfected - — 

transfected cells wiliT t^nsfection. The 

-lection medium 11 *» the h ygromycin B 

«hich is a si™ of ° bSerVation of cytopathic effect. 

M . infe :z :iu?~i typicaiiy manife8t - * 

as a broken cell mono,' Cyt °P athi ° •«•«: manifests 

ceils „hl IrTe^ee 0611 ^ * ^ 

The presence of the T " 3 Ught "»i«oscope. 

cells indicates tit ToZT^ * 

that complementation has been achieved. 

negative control. Lanes 7 i, 01 and a no DNA 

same order, fig i 1d 1b " Ad "" PCR Products in the 

-ing a » P . labeled ^rlT^ * «" - 
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Example 6 
Design of a Super Reporter Vector 

The supervector design utilizes the fusion of the Ad 
5 left and right end inverted terminal repeat (ITR) regions 
to create a circular plasmid vector which comprises the 
reporter genes. Since all the El, E2, and L1-L4 gene 
products are provided in trans by the Ad helper cells, 
the left arm of the Ad genome in the supervector will be 

10 trimmed to be as short as 450 bp (0-1.25 mu) . This has 
been demonstrated to be sufficient as a cis element to 
support El substitution mutants (Levrero, et al., 1991). 
The right arm of the Ad genome in the supervector will 
contain the region from 84.5 mu to 100 mu. This 

15 reduction in size will delete the E3 genes, which are 

known to be unnecessary for replication (Jones and Shenk, 
1978) . This design will eliminate the possibility of 
wild-type recombination, since there will be no overlap 
between the right arm in the supervector and the E2 

20 fragment (9.2-79.4 mu) in the Ad5E2 cells. 

The generation of the reporter supervector is 
diagrammed in PIG. 8. The left (0-1.25 mu) and right 
(84.5-100 mu) arms of the Ad5 genome will be isolated 

25 from plasmid pXCJL.l (Frank L. Graham) and pFGdxl, 
respectively (FIG. 8) . These two fragments will be 
connected through the ITR and subcloned into a 
pBluescript plasmid to create the plasmid designated as 
pWZ-T. The fused Ad arms (85.4-100/0-1.25 mu fragment) 

30 will be further subcloned into the pEBV vector. To 

ensure the correct expression of the L5 region that is 
located at 86-91.3 mu, the cassette containing the Ad2 
major late promoter with the tripartite leader (MLP/TL) 
(Levrero, et al., 1991), kindly provided by Michel 

35 Perricaudet (Institut Gustave Roussy, Villejuif, France), 
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pervector designated as P AdSV-l (iskb) . 

To test the capability of 
foreign DNA, reporter gent . ^rvector to carry 
i p rcer genes such as Lac2 rar 

luciferase will be inserted at the oW 
PAdSV-l, which wm \o Zoning sites of 

"Porter supeLect^ wuTbe" ^ "~ ' ^ 
culture and purified k „ ^ *> re P«ed in i arge 8cale 

efficiency *> — -r high 

- - P ™g ^:~ tion of the '-~ 

cells. Systeraatic ^u^ 0 :/^ 8 - 8 " 6 ^ h6lPer 
have not been reoortJ / f packa 9ring- si2e constraints 

appropriate colT : ^ there is *«> 

fPTOpriate complementing cell line u„ 

from so to ios% of th» However, Ad DNA 

or the genome length can u-. 
Packaged (Jones and shenk i 97fl . f V 
addition, defective V ±T' ^ 1982) " In 

the left end TZ l^T"' ^ 

°NA can be as short as 5 \ 0 T ^ tlUn « t - d vi «* 

appear to be able to del l6ngth ' bUt th ^ 

cells (Hammars, "I T~ ^ susceptible 

«* >e a lower limit on the's 2e of th T^' 
that can be successful^ ! shortened DNA 

uccessfully packaged and expressed. 

The initial design for m» < 
9enes is to put each TeJZ lns «"°n of re p orter 

^««- eacn reporter oene in -.*•-« 
cassette. ^ arrangement will all! T eXPreSSi ° n 
to be expressed independently lf ^ T*"*"*-* «•»• 

-Itiple gene expression cassettes dl fl 7 ° f 
efficiently an , sectes does not work 

Picomavi^ ™ n e a ?° SOme -t. from 

35 the multiple gene! An ot h * ' ^ ^ U U6ed to "«* 
9 * * a ° tbmr P° ssifa le arrangement is a 
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^Kiina the polycistron controlled 
multiple gene array resembling the p y ^ ^ 

^ by the MLP. 

Example 7 
Generation of a Supervirus 

5 

«„, r .tio» of the :„up~vi™, of thl. .yst~ 

iHrrlilv efficient plasmid DMA 
the supervector DNA Hxghly ef f ^ 

10 transfection into the helper cells nas 

, r.hnratorv by calcium-phosphate 
the inventor's laboratory »y« ^ , 

precipitation (Dai, 1992) and liposome-medxated 
precip t , ,oo 3 i The following 

transfection (Zhang, et al., 1993). Tn 
example describes a procedure for the generatxon 

15 identification of a supervirus. 

The Ad5E2 cells will be cultured to 
phase and inoculated into 2 4 -well plates - X * ce 11 
which will result in 80, confluency per well the next 

20 day . ^-^^rs:^- 

■ efrect may be observed in the cell monolayers, which 
. indicates the generation of new virus xn the 
transf ectants . 

PC* analysis (US Patent No. 4,683,202 incorporated 
herein by reference) of DNA samples prepared from the 
fupernatants of cell cultures with the cytopathic effect 
wil l be used to identify the newly generated Ad 
35 supervises (Zhang, etal.. 1993). The genomxc 

structure of the supervises will also be analyzed by 
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structure t>^ ~ viral genomic 

viral n, replication „ d oy W s , L t !f 3 

i»=~po t «i on to vl r al [ c » ~ 

accusation i„ th(! „ lls P "Protein 

p^tio. J JtS^TLlT ■ , 

v^l titers pUque asoays >» deterged by 

Example 8 

Tissue-Specific Expression Ad Vector 

p-sjrLroT^^r::;: 5 the — - - . 

deletions. The vector i i t « - =3 

^ pia S M ds P :l ( „:rrT from tw ° - 

recombinant pS3 adenoviral (L ^ ' " d the 

P XCJL2 Plasmid contains^ o ^ " 

,eno me . It ha8 a pQlylinker ^^7^ - «- 

digestion of the plasmid with Xb aT ^ " StriCtlon «»W 

"ligation to erJt. i fol l°*ed by 

s "on to create plasmid pWZlOl (Fir oi 

59-5 mu fragment of the Ad5 aL • ' ™" ^ 

P53 adenovirus and ins^ed ITZ « ^ 
of the polylinker of p WZ10 i t ^ '* 8iteB 

of pWZloi to generate plasmid p W2 io 2 . 
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enzyme sites. Then the EcoRI-BamHI fragments of pWZ105 
and pW2102 are removed from their respective plasmids and 
joined to create plasmid pWZ106. The EcoRI site in 
pWZ106 will be replaced by an Xbal site, resulting in the 
5 plasmid pWZ107. 

This will be a basic Ad vector that can be further 
modified to construct a tissue-specific vector, by the 
insertion of tissue-specific enhancer /promoter regulatory 

10 elements at the Clal site. The plasmid represents a 
great improvement over the current Ad vectors in that 
PWZ107 has the pBR322 origin of replication and the 
ampicillin resistance gene located between the 0 and 100 
mu positions. This region can be easily excised by Xbal 

15 digestion before transfection of the vector into an Ad El 
helper cell such as 293. 

The tissue-specific expression of a given reporter 
gene is dependent upon tissue -specific regulatory 

20 elements. The plasmids created in the practice of the 
present invention allow one to utilize an expression 
cassette to express the fi-gal protein in muscle cells. 
As shown in FIG. 10, the mouse muscle creatine kinase 
(MCK) enhancer (-1256 to-1050) (Dai, et al, 1992) will be 

25 connected to the human cytomegalovirus (CMV) immediate- 
early gene promoter (Boshart, et al, 1985) to form a 
chimeric regulatory element. This element will be placed 
upstream of the lacZ gene which is followed by an SV40 
polyadenylation signal, thus forming a tissue-specific 

30 expression cassette. The cassette will be incorporated 
into the plasmid pAdMSLacZ by the Clal sites at either 
end. The expression cassette can be readily isolated by 
digestion with Clal and inserted at the Clal site in the 
pWZ107 vector. This will generate the muscle specific Ad 

35 vector (pAdMSLacZ) for the muscle specific expression of 
the S-gal protein. The plasmid is then prepared in large 
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been describe .. methods of this invention have 

aeecrioed in terms of preferred »«k«jj 
be apparent to those of skill ^ emb ° diment8 ' lfc 
n«y be applied to the I "* variat i<™ 

steps or L the ! com P 0 «tion, methods and in the 

herein ^ \lZZl T " ^ 

scope of th ! SPartin9 from the incept, sp i rit and 

deemed to be within th- • • lled ln the ar * are 

invention as lef L ed h T*"' "* C ° DCept ° f the 

defined by the appended claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION : 
(i) APPLICANT: 
5 NAME: BOARD OF REGENTS, 

THE UNIVERSITY OF TEXAS SYSTEM 
STREET: 201 West 7th Street 
CITY: Austin 
STATE: Texas 
10 COUNTRY: United States of America 

POSTAL CODE: 78701 
TELEPHONE NO: (512)499-4462 
TELEFAX: (512)499-4523 

15 (ii) INVENTORS: ZHANG, Wei-Wei 

ROTH, Jack A. 

; ■ ■ - 

(iii) TITLE OF INVENTION: AN ADENOVIRUS 

SUPERVECTOR SYSTEM 



20 



(iv) NUMBER OF SEQUENCES: 4 



(v) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Arnold, White & Durkee 
25 (B) STREET: P.O. Box 4433 

(C) CITY: Houston 

(D) STATE: Texas 

(E) COUNTRY: USA 

(F) ZIP: 77210-4433 

30 

(vi) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS /MS -DOS, ASCII 
35 (D) SOFTWARE: Word Perfect 5.1 



WO 95/27077 




PCI7US95/04138 



- 50 - 

(vii) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: Unknown 

(B) FILING DATE: Concurrently Herewith 

(C) CLASSIFICATION: Unknown 



(viii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: , 

(ix) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: HIGHLANDER, STEVE 

(B) REGISTRATION NUMBER: 37,642 

(C) REFERENCE/DOCKET NUMBER: UTFC382P-- 

(x) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 512/418-3000 

(B) TELEFAX: 713/787-1400 

(C) TELEX: N/A 



20 

(2) INFORMATION FOR SEQ ID NO:l: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : . DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
GTGTACGCCC GACAGTCCCG 
(2) INFORMATION FOR SEQ ID NO: 2: 



5 



30 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
5 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



!0 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

CCGATCTTAG CCAGACGAGC 
(2) INFORMATION FOR SEQ ID NO: 3: 

15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
20 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TCGTTTCTCA GCAGCTGTTG 
(2) INFORMATION FOR SEQ ID NO: 4: 

30 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
35 (D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
CATCTGAACT CAAAGCGTGG 

20 
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CLAIMS 

1. An adenovirus vector construct wherein all or part 
5 • of the E2 region has been deleted from the adenovirus 

genome and heterologous DNA is inserted in its place; and 
wherein said adenovirus vector construct replicates in a 
helper cell. 

10 - * ~ . 

2. The adenovirus vector construct of claim 1 wherein 
said vector comprises more than 7.5 kb of heterologous 
DNA. 

.i t * • • l - ' " ■ ■ ■"• li 

15 

3. The adenovirus vector construct of claim 2 wherein 
said vector comprises at least 10 kb of heterologous DNA. 

20 4. The adenovirus vector construct of claim 3 wherein 
said vector comprises at least 20 kb of heterologous DNA. 

5. The adenovirus vector construct of claim 4 wherein 
25 said vector comprises about 30 kb of heterologous DNA. 

6. The adenovirus vector construct of claim 1 wherein 
said heterologous DNA comprises one or more structural 

30 genes. ' 

7 . The adenovirus vector construct of claim 6 wherein 
said one or more structural genes are under the control 

35 of a promoter. 
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8. The adenovirus vector construct of claim 7 wherein 
said one or more structural genes are expressed in a 
eukaryotic cell. 



9. The adenovirus vector construct of claim 7, wherein 
said promoter is an inducible promoter. 



10 10. The adenovirus vector construct of claim 7 wherein 
said promoter is a tissue specific promoter. 



15 



20 



25 



30 



35 



11. An adenovirus vector construct comprising, at least 
about 200 base pairs of the left ITR region of the 
adenovirus genome, more than 7.5 kb of heterologous DNA 
and at least about 200 base pairs of the right ITR region 
of the adenovirus genome. 



12. The adenovirus vector construct of claim 11 "further 
comprising at least 10 kb of heterologous DNA. 

13. The adenovirus vector construct of claim 12 further 
comprising at least about 20 kb of heterologous DNA. 

14. The adenovirus vector construct of claim 13 further 
comprising about 30 kb of heterologous DNA. 

15. An adenovirus vector construct consisting 
essentially of map units 0-1.25 of the adenovirus 5 
genome, at least 7.S kb of heterologous DNA and map units 
84.5-100 of the adenovirus 5- genome. 
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16. A virion particle containing the packaged adenovirus 
vector construct of claim 1, 11 or 15. 1 ' * J ■ 



5 17. A recombinant helper cell, wherein said cell 

expresses one or more genes from the E2 region of the 
adenovirus genome and is capable of supporting 
replication of the adenovirus vector construct of claim 
1 > 1, 11 or 15. ^ 

U L 

10 

IB. The cell of claim 17, wherein said cell comprises 
the adenovirus construct of claim 1; 11 or 15. 

15 'V- ■ ■ • . '['■-- 

19. The cell of claim 17 , wherein said cell comprises 
the virion particle of claim 16. ; 



20 20. The cell of claim 17 wherein said cell is derived 
from a primate cell. 



21. The cell of claim 20 wherein said cell is derived 
25 from a human cell. 



22. The cell of claim 21 wherein said cell is derived 
from a human embryonic kidney cell. 

23. The cell of claim 22 wherein said cell is derived 
from a 293 cell. 



35 
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24. The cell of claim 23 wherein said cell is an Ad5E2 
cell. 



5 25.: A method of expressing a foreign gene in a mammalian 
cell comprising the following steps: 

obtaining an adenoviral vector construct wherein all 
or part of the E2 region has been deleted from 
10 the adenovirus genome; 

replicating said adenoviral vector construct in a 
helper cell; 



15 



obtaining virion particles produced by said helper, 
cells; and 

infecting mammalian cells with said virion 
particles . 



20 



26. The method of claim 25 wherein said adenoviral 
vector construct is the adenoviral vector construct of 
claim 1, 11 or 15. 

25 



27. The method of claim 25 wherein said helper cell is 
an Ad5E2 cell. 
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1. Hyg-PCR primers define a 0.55-kb 
fragment in hygromycin B gene: 

5 ' -GTGTACGCCCGACAGTCCCG-3 ' 
5 ' -CCGATCTTAGCCAGACGAGC-3 ' 



2. Ad-PCR primers define a 0.86-kb 

fragment in Ad5 genome at 10. 98-13.38 mu 

5 • -TCGTTTCTCAGCAGCTGTTG-3 ' 
5 * -CATCTGAACTCAAAGCGTGG-3 ' 
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